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Introduction
From a foods manufacturing perspective, a thorough understanding of the formulation and process design is required to prepare products with defined attributes. Almost all emulsionbased food products are sold in a prepared format, with the consequent need to distribute as such, ensuring both storage and microbiological stability, the latter typically through thermal processing routes ( pasteurisation/UHT treatment) and/or chilled/frozen distribution. To overcome the need to distribute water, ensure preservation and stability and offer consumers lower-cost alternatives, dried food products were developed. 1 This opened the field for the development of more functional, end-user friendlier systems such as instant powders for the preparation of dressings, beverages, soups/ gravies, etc. Additionally, re-hydratable powdered toppings are available where crystallised fat-containing emulsions are spray dried, creating texture upon rehydration. 2 Nonetheless, the control over the final emulsion properties is not warranted for such systems, spray drying can have a negative impact on the quality of the product, 3 and sophisticated processing is required. As a solution to all these issues, the concept of instantly structured emulsions was introduced and patented 4, 5 as promising systems for the food industry representing important environmental and financial benefits. In a broad sense, an instant emulsion is formed by addition and mixing of cold water to an oil phase which contains a mixture of thickening biopolymers and emulsifiers. Hence, the final product is not going to be simply obtained by dilution or dissolution of dry material in hot water, like the instant powders, or by hydration of a spray-dried emulsion, ensuring controllable final characteristics. The technological advantage of this approach is that the emulsion is created within a reduced time frame and stabilised in the presence of, and solely by, the constituent ingredients, with a minimum energy input, such as moderate shear generated by hand stirring. Specifically, the time taken for emulsification will depend on the relative rates of hydration of the surface active component and thickening/ gelling ingredients, which will also have an effect on the bulk structuring of the water phase to kinetically trap the dispersed oil phase. 6 Efficient viscosifying can be also achieved by swell-ing of particles, such as pregelatinised or cold water swelling starch and citrus fibres. The final product is a stable oil-inwater (O/W) emulsion with a paste-like texture, whose properties depend on: emulsifier and thickener type and concentration, pH and ionic strength of the aqueous phase, oil phase type and concentration, etc.
Regarding the emulsifier, Tween 20 ( polyoxyethylene sorbitan monolaurate) has been used in this study due to its efficiency in stabilising food emulsions with reduced amount as compared to lecithins. 6 Two different hydrocolloids were used as thickeners: hydroxypropylmethylcellulose (HPMC), which has not previously been used to stabilise instant emulsions as the main thickener, and guar gum (GG) to aid increasing bulk viscosity. Finally, cross-linked dextran particles were used as swelling agents to mimic the swelling behaviour of e.g. cold water swelling starch. Starch has been used in the past as swelling particulates of these systems, but does not provide control over the swelling capacity in the presence of hydrocolloids. 7 In fact, previous work was dedicated on the competitive hydration of cold water swelling starch and hydrocolloids but no emphasis was laid on the effect on the final emulsion microstructure. 6 For that reason, this manuscript is particularly focused on the effect of the presence of the emulsifier, to understand the interfacial stabilisation, the molecular weight and concentration of the thickeners, as well as the swelling capacity of particles on the final emulsion characteristics. The systematic study on how these specific parameters affect the final microstructure of the instant emulsion has not been reported yet to the best of our knowledge. The variation in pH and ionic strength in the aqueous phase is not relevant in this case since the considered emulsifier and thickeners are nonionic and the swelling particles have a wide range of pH stability ( pH 2-10).
The thickeners used in this study are polysaccharides and more generally categorised as soluble dietary fibre. The advantage of using such ingredients is two-fold. They are incorporated in food during the processing to improve the nutritional properties, 8, 9 such as fat or sugar replacers, as well as the technological and sensory characteristics, such as viscosity, texture and shelf-life. Furthermore, dietary fibre per se has beneficial metabolic and physiological effects on its transit within the gastrointestinal tract. 10, 11 They are known to lower blood cholesterol 12, 13 and prevent lipid absorption. [14] [15] [16] It has been recently reported on the potential of polysaccharides to control lipid digestion either as stabilisers added to the continuous phase of the formed O/W emulsions, [17] [18] [19] [20] or as emulsifiers themselves. 21, 22 Possible mechanisms to explain these features are: interactions between polysaccharides and physiological components in the continuous phase, 19, 23, 24 droplet flocculation, thus reducing the oil-water interface available for the enzymatic reactions to take place, 20 and/or adsorption of polysaccharides onto the oil-water interface delaying the action of physiological components to hydrolyse the lipids 22 and subsequent absorption in the intestinal mucosa. Thus, all these properties ascribed to polysaccharides can be applied to develop healthier food emulsions, by regulating the digestion of oils and fats in the body. This strategy is preferred when reducing the total fat content makes difficult food formulation. 25 This study seems appropriate when the market for high quality food products that are viewed as healthy is increasing because of the growing interest in the preventative role of the diet against long-term chronic disease. Precisely, the increased fat intake per individual on daily basis during the past few decades has been linked to rises in obesity, cardiovascular and related diseases. 26 The last section of this manuscript is in fact devoted to evaluate the impact of the initial emulsion microstructure on the rate and extent of lipid digestion in simulated intestinal conditions, and how the manipulation of the microstructure during the processing of the instant product can modulate this process, which will provide an added value not explored yet in these systems. The knowledge generated by this study will contribute to the rational design of functional instant food emulsions minimising ingredient, process, supply costs, avoiding excessive use of additives currently used for extended shelf life of products, and hence providing healthier, affordable, and ready-to eat options.
Materials and methods

Materials
All the chemicals were used as received, unless stated otherwise. Tween 20 (P1379) from Sigma-Aldrich was used as nonionic emulsifier (M w ∼ 1228 Da). Two different hydrocolloids were used as non-ionic thickeners: HPMC and GG. Two different molecular weight samples were used for each of them. The low-molecular weight (LMw) HPMC, H9262, was purchased from Sigma-Aldrich (M w range: 22-26 kDa). The high-molecular weight (HMw) HPMC, METHOCEL™ K4M, was kindly provided by the Dow Chemical Company (M w range: 300-500 kDa). The levels of incorporation of the two substituents are 19-24% methoxyl and 7-12% hydroxypropyl in both HPMC samples. The GG samples were supplied from Danisco: Meyprodor® 30 (M w ∼ 420 kDa) and 400 (M w ∼ 2660 kDa). Two cross-linked dextran samples from GE Healthcare were used as swelling particles with different wet bead particle size: Sephadex™ G-50 Fine (40-160 μm) and G-100 (100-310 μm).
The small intestine juice was prepared with lipase from porcine pancreas (L3126), Type II (100-400 units per mg protein, using olive oil with 30 min incubation), porcine bile extract (B8631), CaCl 2 and NaCl of analytical grade, all of them purchased from Sigma-Aldrich.
The aqueous phase of emulsions and duodenal juice was 2 mM BIS-TRIS (Sigma-Aldrich, ≥99.0% purity) adjusted to pH 7 with HCl. Ultrapure water purified in a Pur1te Select system was used for buffer preparation.
Highly refined olive oil (Sigma-Aldrich) was purified with activated magnesium silicate (Florisil®, Fluka) to eliminate free fatty acids and surface active impurities: a mixture of oil and Florisil® (2 : 1 wt/wt) was shaken mildly for 3 h and centri- fuged at 4000 rpm for 30 min. It was then stored away from light.
Emulsion preparation and viscosity measurements
The emulsifier (0-0.18 g), thickeners (0-0.18 g) and swelling particles (0.9 g) were first homogeneously dispersed in the olive oil (2 g oil). Next, the required amount of aqueous phase (18 g) was added to this slurry and placed immediately into a Rapid Visco Analyser (RVA) Super 4 (Newport Scientific, Australia). The viscosity development was measured at constant temperature (25°C) and shear rate (180 rpm) for 30 min. The oil concentration was fixed at 10 wt% in the emulsion. The individual concentration of emulsifier/thickeners ranged from 0 to 1 wt% in the aqueous phase, whereas the concentration of the swelling particles was kept constant at 5 wt% (dry) in the aqueous phase. This emulsion preparation procedure produces lipid droplets within the size range found in many food products (d = 1-100 μm) and that can be observed with optical microscopy.
Optical microscopy
Emulsions samples were immediately observed at the microscope after preparation in the RVA and after in vitro lipolysis. A drop of emulsion was placed on a microscope slide and covered by a cover slip. The microstructure of instant emulsions was visualised with a digital inverted microscope (EVOS fl, AMG) using a 20× and 40× magnification objectives. The images were acquired using an integrated Sony CCD camera and software. Given the apparent and relative uniformity of droplet size distribution, the maximum oil droplet diameter was determined for each sample by multiple-image analysis to evaluate differences in emulsion microstructure.
Lipolysis of instant emulsions
The release of free fatty acids (FFA) from the instant emulsions due to pancreatic lipase activity was monitored using a titration method which was slightly adapted from a previous study. 22 This static in vitro digestion model comprises a simplification of a standardised method, 27 as a preliminary study focused only on intestinal lipolysis. A 20 mL sample of freshly prepared emulsion ( pH = 7.0) was placed in a water bath at 37°C and left to stabilise the temperature. Then, 1 mL of CaCl 2 and NaCl solution (containing 27.7 mg CaCl 2 and 219.2 mg NaCl) followed by 3 mL of bile extract solution (containing 125 mg bile extract) were added to the emulsion under stirring (400 or 700 rpm for emulsion viscosity values lower or higher than 1200 cP, respectively) and then the system was adjusted back to pH 7 if required. Next, 1 mL of freshly prepared lipase suspension (containing 40 mg lipase powder) was added to the above mixture and the titration started. The final concentration of pancreatic lipase was 1.6 mg mL −1 , whereas for bile extract was 5 mg mL −1 . CaCl 2 and NaCl had a final concentration of 10 mM and 150 mM, respectively. The lipolysis was measured by a pH-stat automatic titration unit (702 SM Titrino, Metrohm) by titrating appropriate amounts of NaOH solution (0.1 M) to maintain the pH at 7.0. The concentration of FFA generated by lipolysis was calculated from the volume of NaOH added, that is the number of moles of NaOH required to neutralize the FFA (assuming 2 FFA produced per 1 triacylglycerol molecule). The rate of lipolysis was determined as the maximum slope of the linear portion of the kinetics profile, the initial lag phase as the intercept of the maximum slope with the x-axis and the extent as the value in the final plateau.
Data analysis
Results are represented as the mean and standard deviation values of three measurements made on different freshly prepared instant emulsion samples, respectively. The error bars are contained within the size of the symbols of data points given the good reproducibility of the viscosity and lipolysis measurements.
Results and discussion
3.1. Development of instant emulsions: final microstructure 3.1.1. Effect of thickener concentration and molecular weight. The first section is focused on the impact of increasing either the concentration and/or the molecular weight of at least one hydrocolloid on the droplet size and viscosity of the instant emulsions. In this set of experiments, the emulsifier (Tween 20) concentration was fixed to 1 wt%, as well as the type and concentration of the swelling particles: 5 wt% (dry) Sephadex G-100. Fig. 1a and 2a show the viscosity development of the instant emulsions upon formation and their final microstructure reached, respectively. These instant emulsions were formed using 1 wt% LMw HPMC and 0-1 wt% GG as thickeners. As a general trend, Fig. 1a exhibits a steep increase in viscosity, which after approximately 3 min or less becomes fairly constant reaching a plateau. The initial increase in viscosity, just after the addition of the aqueous phase to the oil slurry, is a combination of the competitive hydration of the different components and droplet formation. The hydration of HPMC and GG increases the viscosity of the aqueous phase which along the swelling of the cross-linked dextran particles aids oil droplet break-up under shearing (180 rpm). The role of the emulsifier Tween 20 is to rapidly adsorb onto the oil-water interface reducing the interfacial tension and facilitating the droplet break-up. The instant emulsions seem to be completely developed after 3 min, when appreciable changes are no longer observed in the viscosity over time. The gradual continuous increase in viscosity afterwards may be due to further hydration of the swelling particles and/or the hydrocolloids. Fig. 2a displays the micrographs of the instant emulsions taken after 30 min of shearing in the RVA. As common features, the swelling particles appear as larger (∼200 μm on average) and lighter spheres, forming a matrix filled by the smaller (≤40 μm) and darker oil droplets. Increasing the GG concentration gives rise to a reduction of emulsion droplet size, regardless of the GG molecular weight for systems made with 1 wt% LMw HPMC. Focusing first on LMw GG, the maximum diameter of oil droplets is reduced from 40 μm to 25 μm and 17 μm at 0.5 wt% and 1 wt% LMw GG, respectively. A greater aqueous phase viscosity provided by higher GG concentration enhances the droplet break-up under shearing, reducing the oil droplet size, 6 which is also reflected in higher emulsion viscosity plateau values in Fig. 1a . 28 Next, increasing the molecular weight of GG results in a slight increase in emulsion viscosity as observed in Fig. 1a . This increase in emulsion viscosity is only more appreciable at a GG concentration of 1 wt%. The emulsion microstructure shown in Fig. 2a is very similar in the presence of both high-and lowMw GG. Only at 1 wt% HMw GG there is an appreciable reduction (1.3 times) of the maximum droplet size (13 μm), as compared to 1 wt% LMw GG (17 μm), which may contribute to the higher emulsion viscosity plateau obtained in Fig. 1a . Fig. 1b and 2b show the results of viscosity and microstructure, respectively, for instant emulsions stabilised with 1 wt% HMw HPMC and 0-1 wt% LMw GG. Increasing the molecular weight of HPMC has a dramatic effect on the emulsion viscosity and oil droplet size of instant emulsions. In the absence of GG, the emulsion viscosity raises up to nearly 3000 cP (Fig. 1b) , one order of magnitude larger than the viscosity of the emulsion stabilised by LMw HPMC (Fig. 1a) . Regarding the oil droplet size, the maximum diameter is 13 μm (Fig. 2b) , three times smaller than that found for the emulsion stabilised by LMw HPMC (Fig. 2a) . Hence, an emulsion microstructure and viscosity similar to the system stabilised by 1 wt% LMw HPMC and 1 wt% HMw GG (Fig. 1a and 2a) have been achieved by solely using HMw HPMC as the only thickener and half of the total hydrocolloid concentration. The reason for obtaining slightly higher emulsion viscosity in the latter (∼3000 vs. 2000 cP) may come from an increased viscosity of the continuous phase due to the higher molecular weight of HPMC or subtly finer droplet size distribution. Indeed, a more viscous aqueous phase would improve the droplet break-up on shearing, 29 in agreement with the microstructure seen in Fig. 2b . In addition, HPMC is known to reduce the interfacial tension, which may act cooperatively with the emulsifier Tween 20. However, it has been reported previously that the interfacial activity of cellulose ethers, in terms of steady values of interfacial tension, does not depend on their molecular weight but on their hydrophobicity. 30 Therefore, similar interfacial activity is expected for both LMw and HMw HPMC. 22 Thus the effect of the continuous phase viscosity is possibly the main reason to explain the great impact of the HPMC molecular weight on the features of the instant emulsions. The fact that increasing the molecular weight of GG (Fig. 1a) does not have such a dramatic effect on the droplet size and emulsion viscosity as compared to HPMC may be due to its lower apparent bulk viscosity related to its molecular structure: short-side branched (GG) vs. linear (HPMC). 31, 32 Finally, in the presence of GG, the emulsion viscosity further increases (Fig. 1b) . However, at the highest GG concentration, the steady state viscosity is attained after 10 min and there is a two-stage process. This delay in viscosity development may be explained by a more complex competition for water during hydration between the hydrocolloids and the swelling dextran particulates. 6 In turn, this may account for the similar final microstructure observed in Fig. 2b , with a maximum droplet diameter of 10 μm, at either 0.5 or 1 wt% LMw GG. It seems that a saturation has been achieved in the initial fast thickening of the aqueous phase since higher GG concentration does not promote droplet size reduction, despite having some interfacial activity. 33 Consequently, the highest emulsion viscosity value observed in Fig. 1b in the presence of 1 wt% LMw GG (nearly 5000 cP) may be due to the increased continuous phase viscosity after prolonged period of hydrocolloids and particles hydration. 3.1.2. Effect of wet size of swelling particles. The influence of the matrix volume on the emulsion characteristics is evaluated by reducing the wet size of the swelling particles, thereby increasing the matrix volume available for the formation of oil droplets. To this end, Sephadex G-50 is used in this set of experiments at the same fixed concentration of 5 wt% (dry) as for G-100 above. According to the supplier, the bed volume ranges, in distilled water, are 9-11 and 15-20 mL g −1 for
Sephadex G-50 and G-100, respectively. This means that the volume occupied by Sephadex G-50 particles is almost half of the volume occupied by Sephadex G-100 particles, per unit of initial dry weight. The emulsifier Tween 20 and thickener HPMC are used at the fixed concentration of 1 wt%. Fig. 3 shows the viscosity results and micrographs of instant emulsions stabilised by either low-or high-Mw HPMC as the only thickener and Sephadex G-50. Additionally, Table 1 summarises the formulation and characteristics of the instant emulsions studied in all sections for easy comparison. In order to look at the effect of the wet particle size of the crosslinked dextran, these results are compared with those of the emulsions stabilised by Sephadex G-100 and HPMC (in the absence of GG) in section 3.1.1. (Fig. 1, 2 and Table 1 ). Increasing the matrix volume, that is decreasing the swelling capacity of Sephadex, leads to an increase in the emulsion droplet size and corresponding decrease in emulsion viscosity. Indeed, on average the wet particle size of Sephadex G-50 is smaller (60-180 μm) than that found for Sephadex G-100 par- ticles (100-300 μm), in agreement with the wet size ranges provided by the supplier (see section 2.1.). In the presence of Sephadex G-50 (Fig. 3) , the maximum oil droplet size found for the system stabilised by low-and high-Mw HPMC is 80 and 20 μm, respectively, in contrast to diameter values measured in the presence of Sephadex G-100: 40 and 13 μm, respectively. In this case, reducing the volume occupied by the swelling crosslinked dextran particles by half increases approximately twice the maximum droplet size of the emulsion, giving rise to a decrease in the measured plateau viscosity, as reflected in Fig. 3 in comparison with Fig. 1 . Specifically, the steady state emulsion viscosity was reduced from ca. 380 to 140 cP and from 2900 to 1300 cP, when the systems are stabilised by lowand high-Mw HPMC, respectively (Table 1) . It is also worth noting that increasing the M w of HPMC in the presence of Sephadex G-50 decreases four times the emulsion droplet size upon shearing, which supports the great impact of this thickener on the aqueous phase viscosity to aid in droplet break-up upon shearing, as previously discussed. Therefore, a combined efficient thickening of the aqueous phase through fast hydration of polymers of higher molecular weight and higher swelling capacity of particles leads to a better emulsification during mild shearing due to, on one hand, a higher viscosity gradient between the dispersed and continuous phase and, on the other hand, and reduced gap between swollen particles so that the total hydrodynamic force is enhanced promoting oil droplet break-up. 3.1.3. Effect of the emulsifier. Finally, the role played by the emulsifier Tween 20 is analysed through a set of experiments where Tween 20 is absent in the emulsion formulation. Sephadex G-100 was used (5 wt% dry) as swelling particles and HMw HPMC (1 wt%) as the only thickener due to their better emulsification capacity, that is, ability to produce smaller oil droplet size. Fig. 4 displays the results of viscosity development upon emulsification and corresponding final microstructure of the produced instant emulsion. The viscosity profile exhibits a lag phase of approximately 3 min after which the viscosity steeply increases up to nearly 4000 cP. The lag phase may suggest that the absence of Tween 20 delays the droplet formation. On the other hand, the relatively high steady state viscosity value might imply that the final instant emulsion contains tiny oil droplets. Nonetheless, the microstructure observed in Fig. 4 rules out this presumption. The maximum droplet size achieved is 35 μm, which provides an emulsion microstructure similar to that obtained for the system stabilised by Tween 20 and LMw HPMC together, in Fig. 2a . To recall, the maximum oil droplet size observed for the latter is 40 μm (Table 1) . This means that the sole presence of HMw HPMC in the formulation of instant emulsions, besides the swelling particles, is enough to produce oil droplets even smaller than formulations including Tween 20 and LMw HPMC. Although the timeframe required for developing a steady viscosity, given by the onset of the viscosity plateau, is longer in the former (5.5 min vs. 2 min) ( Table 1 ). The ability of HPMC to lower the interfacial Table 1 Summary of emulsion formulation (constituents of the continuous phase) and emulsion characteristics: time to reach steady viscosity (t ηst ), final emulsion viscosity (η) and maximum droplet diameter (max. d )
Constituents of the aqueous phase (wt%) Emulsion characteristics Tween 20
Cross-linked dextran particles HPMC GG
Lower swelling capacity (G-50) tension may contribute to the emulsion formation. It was previously reported interfacial tension values of 16 mN m −1 at the olive oil-water interface saturated with the same HMw HPMC, at room temperature. 30 The interfacial tension reported for Tween 20 under equivalent conditions is lower than 4 mN m −1 . 34 Therefore, despite the powerful interfacial activity of Tween 20, the increased aqueous phase viscosity provided by HMw HPMC is definitively crucial to reduce the droplet size upon emulsification in combination with its interfacial activity. It seems that the delayed droplet formation in the absence of the emulsifier allows a more complete hydration of both swelling particles and HPMC, which may lead to a higher bulk viscosity, aiding in droplet break-up to form the emulsion. This enhanced continuous phase viscosity would also contribute to the final measured emulsion viscosity in Fig. 4 (∼4000 cP), which is slightly higher than that observed in the presence of Tween 20 in Fig. 1b (∼3000 cP) for a finer emulsion (Table 1) .
Lipolysis of instant emulsions
Fig . 5 shows the lipolysis profiles of instant emulsions presented in Fig. 1 and 2 after being subjected to duodenal conditions for 2 h. To recall, in this set of experiments the emulsifier (Tween 20) concentration was fixed to 1 wt%, as well as the type and concentration of the swelling particles: 5 wt% (dry) Sephadex G-100, whereas 1 wt% of either low-or high-Mw HPMC and 0-1 wt% GG, were used as thickeners. As a general trend, there is an initial steep increase in the amount of FFA released after which a steady value is reached. The reason for this saturation on the extent of lipolysis, even though all of the lipids have not been digested (14-25%), may be because of the inhibition of lipase activity by the more surface active free fatty acids and monoglycerides present at the droplet surfaces. 35, 36 In addition, the presence of emulsifier at the oil-water interface that is resistant to the action of bile salts will definitely affect the rate and extent of lipase activity. 37, 38 The presence of an initial lag phase is usually ascribed to the time taken for the surface active components in the bile extract to adsorb and displace the initial emulsifier from the droplet surfaces and hence promote the lipase anchorage to the oil-water interface for the enzymatic reaction to take place. 39 Considering first Fig. 5a , the addition of increasing GG concentration leads to decreasing initial lag phase, faster rate and higher extent of the lipid digestion. The trend of lipolysis curves is similar when using both low-and high-Mw GG, for that reason the results for LMw GG are not shown in Fig. 5a . It was previously reported that increasing the polysaccharide bulk concentration added to the original emulsion reduces the rate and extent of digested lipids 20 in contrast to the observed tendency here. In the current case, increasing GG concentration up to 1 wt% gives rise to smaller emulsion droplets upon emulsification, from 40 to 17 μm or even 13 μm for low-or high-Mw GG, respectively, as seen in section 3.1.1. (Fig. 2a) . It is known that increasing the emulsion interfacial area by decreasing the oil droplet size, enhances the digestion of emulsified lipids since larger oil-water interfacial area is available for the enzyme lipase to attach on. 37, 40, 41 Therefore, the effect of the droplet size on the digestion of emulsified oil prevails over the effect of increasing the hydrocolloid bulk concentration. However, the fact that the lipolysis profiles of emulsions stabilised by 1 wt% low-or high-Mw GG overlap suggests that decreasing the droplet size beyond ∼17 μm does not bring further changes in the release of FFA for these systems. Next, in Fig. 5b , the M w of HPMC was increased in relation to Fig. 5a . The lipolysis curve in the absence of GG completely overlaps with that of the emulsion stabilised by 1 wt% LMw HPMC and 1 wt% HMw GG in Fig. 5a , which may be attributed to the similar microstructure: maximum diameter 13 μm (Fig. 2) . Therefore, it seems that increasing the hydrocolloid bulk concentration does not have an impact on the lipolysis kinetics when also considering similar emulsion droplet size. The addition of GG to the instant emulsion stabilised by HMw HPMC does not affect the release of FFA over time (Fig. 5b) , despite the initial oil droplet size being slightly reduced to 10 μm (Fig. 2b) . This is consistent with the previous observation: decreasing the initial droplet size beyond ∼17 μm does not bring further changes in the lipolysis profile of the emulsion. The in vitro digestion of the emulsion stabilised with HMw HPMC and 1 wt% LMw GG was not reliable due to its high emulsion viscosity (nearly 5000 cP), which does not allow homogenising the system under stirring to properly dispersed the NaOH added during the titration. Nonetheless, the emul- sion microstructure provided by this formulation is similar to that containing 0.5 wt% LMw GG (Fig. 2b) , whose lipolysis profile has been just discussed. Fig. 6a focuses on the lipolysis profiles of instant emulsions presented in Fig. 3 , which were stabilised by 1 wt% Tween 20, 5 wt% (dry) Sephadex G-50 and 1 wt% low-or high-Mw HPMC as the only thickener. In the case of the system stabilised by LMw HPMC, the rate and extent of lipid digestion are appreciably lower than those found in Fig. 5a when Sephadex G-100 is present in the emulsion formulation. In addition, the initial lag phase is longer in the former (7 vs. 4 min). This can be attributed again to large differences in droplet size for both systems: 80 and 40 μm, respectively. However, for the system stabilised by HMw HPMC, the lipolysis profile shows subtle differences as compared to the system including Sephadex G-100 in Fig. 5b . Namely the rate and extent of released FFA are only slightly lower in the former, which on one hand agrees with the fact that the maximum droplet size is larger (20 vs. 13 μm). Nonetheless, the differences in the lipolysis profile due to different emulsion droplet size are considerably small. This feature may be related with the working range of the maximum droplet size for these systems. To recall from Fig. 5 , the effect of the emulsion droplet size on the delay of lipolysis was only appreciable up to the range of ∼17 μm. Instant emulsions with smaller oil droplets did not show visible changes in the release of FFA. Fig. 6b corresponds to the in vitro digestion experiments of the instant emulsion shown in Fig. 4 . The set of experiments were performed in the absence of Tween 20 in the emulsion formulation. Sephadex G-100 was used (5 wt% dry) as swelling particles and HMw HPMC (1 wt%) as the only thickener. For comparison, Fig. 6b also includes the lipolysis curve of the system containing Tween 20 and HPMC in the formulation, with emulsion droplet size within the similar range (35-40 μm) . In this case, the differences observed in the initial lipolysis rate could be ascribed to differences in the droplet size. To recall, in the absence of Tween 20, slightly smaller droplets were found (35 μm), hence this would correspond to higher rate of digestion. However, the lipolysis profile in the absence of Tween 20 does not follow the trend found so far in the lag phase and extent vs. maximum droplet size, which is illustrated in Fig. 7 . This can be explained by the different interfacial composition, which needs to be considered here. The lack of the initial lag phase would lead to think that the sole presence of HPMC at the oil-water interface does not hinder the digestion of the lipid substrate in contrast to an interface mainly stabilised by Tween 20, but interestingly, the final extent seems to be lower than in the presence of Tween 20. This may suggest that eventually the adsorbed interfacial layer of HPMC better resists the displacement by the duodenal components than the emulsifier Tween 20.
22
The microstructure of the instant emulsions was also evaluated after being subjected to in vitro lipolysis. Some representative micrographs are illustrated in Fig. 8 , corresponding to all samples discussed above, in decreasing order of the initial maximum droplet size. An interesting pattern has been observed throughout the samples studied here. The emulsion droplet size increased on average after 2 h of lipid digestion for emulsions which originally had oil droplets larger than ∼20 μm. This is the case of emulsions stabilised by 1 wt% Conversely, the droplet size decreased on average after the lipolysis of emulsions initially containing droplets smaller than or equal to ∼20 μm. This is observed on emulsions stabilised by 1 wt% LMw HPMC and 1 wt% low-or high-Mw GG or by 1 wt% HMw HPMC either in the absence or presence of GG, and on emulsions stabilised in the presence of Sephadex G-50 and HMw HPMC. This suggests that the systems with relatively larger initial droplet size (>20 μm) destabilise to a larger extent in the presence of the intestinal components than the systems containing relatively smaller initial droplet size (≤20 μm). Duodenal components can cause droplet flocculation/coalescence, 22 which is favoured in the presence of larger oil droplets.
Additionally, the aqueous phase viscosity plays an important role during the destabilisation of emulsion lipid droplets under in vitro duodenal conditions. In this sense, the emulsions with larger droplets in general had lower aqueous phase viscosity, because they were produced with lower thickener concentration and/or molecular weight, and can contribute to a greater coalescence in the presence of intestinal components. 22 In turn, this emulsion destabilisation greatly decreases the interfacial area available for lipase to anchor and hydrolyse the lipids. This may be a plausible reason to explain the appearance of an initial lag phase in the lipolysis profile, as well as the appreciable reduction in the rate and extent of lipolysis for instant emulsions with droplet size range above ∼20 μm (Fig. 7) . In contrast, more stable emulsions with droplet size equal or below 20 μm seem to be readily digested, as supported by a reduction in oil droplet size and maximum lipolysis kinetics (Fig. 7) . Therefore, a correlation between these two stability regimes of the emulsions in the presence of intestinal media and the inflection point in the lipolysis kinetics has been found, where the threshold in the maximum droplet diameter coincides at 17-20 μm, as highlighted in Fig. 7 .
Conclusions
The described emulsification method produces relatively uniform emulsions requiring low-energy input, equivalent to that achieved by hand stirring, within short timeframe. The droplet size can be decreased upon shearing by increasing either the swelling capacity of the viscosifying particles, the molecular weight of the thickeners or their concentration. Also, the efficiency of the emulsifier can be replaced by a thickener providing sufficiently high aqueous phase viscosity and certain interfacial activity. Therefore, the formulation of the instant emulsion can be optimised to achieve different microstructures by reducing emulsifier and hydrocolloids concentration while increasing the molecular weight of the hydrocolloids, and using highly swellable particles. The extent to which these components increase the continuous phase viscosity both individually and collectively, deserves further investigation since they will determine the extent of the reduction of the emulsion droplet size and ultimately the emulsion viscosity and final texture. This has relevant application to create different types of products. The in vitro lipolysis of the instant emulsions is largely determined by the initial microstructure. A close correlation between the regimes of emulsion destabilisation in the presence of the intestinal components and the trend in lipolysis kinetics is found, which is explained in terms of the interfacial area available for lipolysis. Two stability regimes were found. The first one corresponds to emulsions with droplet size >20 μm, which greatly destabilise under duodenal conditions, while the second one comprises emulsions with droplet size ≤20 μm, which are relatively more stable. Emulsions belonging to the first group show considerable changes in lipolysis kinetics when varying the initial droplet size. Accordingly, the lipid digestion rate and extent are appreciably decreased as the oil droplet size increases in the initial emulsion microstructure. Conversely, emulsions classified in the second group exhibit the highest rate and extent of lipid digestion regardless of the initial droplet size. The interfacial composition has been shown also crucial on modulating the lipolisis kinetics.
Versatile instant emulsions can be developed as promising systems in the control of lipid digestion and targeted released of nutrients through the manipulation of the microstructure during the processing. However, the complex interrelation of the parameters affecting the formation of instant emulsions, above all when multiple stabilising agents are involved, and the subsequent lipolysis assures additional research. A more accurate model of in vitro digestion would ultimately help to elucidate the behaviour of instant emulsions within the gastrointestinal tract in the rational design of formulations with healthy attributes.
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